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Abstmct

Design of an Accelerating Cavity
for the

Superconducting Super Collider
Low-Energy Booster

C. C. Fticdrichs and L. Walling
b AlamosNatiortdbiusatory

B. M. Cam bell
&sttpcxcOnducMgsuper liidcr Lalmatory

711ispaper pc.aents the history and curremts&tua of M
design of the =ceicxator c8vity to be incoqmated into he
Low-Energy Booster (LEB) of the Supcrccmducting Cupcr
Collider (SSC). The LEB is a proton synchrotrons,S40
meters in cifcumfemnce, and having 1(M buckets around the
ring. Accelcmion programs,each SOm long, take pke at
afatsoflopuaecund. llwbet8c1hallge oftkpmiclesfran
injection to exmaction is from 0.8 to 0.997. Since the rf
excitation frequency mus track beta, the rf frequency mus
shift from 47.5 to 60 MHz oveJ the SO-msec &xeleration
program. The cavity will use fede in a Pwpendieular
cored biasmdc to effem h rquird uming.

1.INTRODIJCT’ION

Development of peqrendicularly biased, ferrite-tuned
cavities fm use in proton syiwhrouons was ongoing at Los
Alarms from 1984 through October 1990, when the project
moved [o SSC. During the tenure at Los Alanm, two
different cavities using perpndicdar control bias were
dcaigrnxl,fabricated,and *M. ‘llw first cavity wasdoaigned
to achievea 20% tuning range; after mating wascomplaed at
Los Alsmos, it was delivered to the Tri Universities Meson
Facility (TRIUM~ at Vsncouver, B. C,, for further
evaluation. The second cavity was designed for I;= in a
higher-energy synchrouon, and could b tuned over a 4%
frequency mnge, After compktkm of th test ~ M Los
Alamos, this cavity was delivered to SSC for incorpmth
into their ferrite.umed cavity test stmd. High-power
operation of these csvities demonstrated that ferrite
permeability changesof 1.4 to 3.S me easily obtainable, tnd
very high m~wtic and electric Qs can be redsed even under
high.power conditions. Both cavity designs were successful,
but both dcmonstrmcd a swong need for improvement in lhe
fcrnk-cnnling kchniqw, This ~r prescntaa basic cavity
design similar m [hat of the firm Los Alamoa cavity, but
incm’prwalinga substsntiaiiy impoved fCMte<(X)ling comcpL
The cavity and amplifwr are tunable over hc required rmgc
47,51060 Mt{z, Thc cimuit Q will h apprmimatcly !NMH),
and [hc average shunt impdancc over Iho band wili Iw
tipproximatcly 160 kgl, The cavhy has an overall Icngth i~
nfqmximmcly 1,I meters, ~’ is desigrwd for reliable
opcralion with a gap voltage of 120 kV,

II. Booster Cavity Design

A. Design Concept

The major dssign issw for a ferrite-tuned cavily arc as
followg How is the cavity excited ? How is the fctrite
b~? Howiathe ferrite cookd? Thecormctanswcrlo
ail ~ for a high-reliability &sign is Lwlievcd to be “As
simply as possibk”. With that dictum in mind, the pesent
design has evolved. A aimplifti drawing of the prcqmscd
cavily is shown in Fig. 1.

I

Fig. 1, The 7roposcd LEB Cavity

The proposal design usca a qusrtcr.wave couniui rcsontilor
with [hc accelerating gap al the high+wltsgc cnd and Ihc
femitc al Ihc high< urrcnt end, The cncitminn amplifier,
which usesa 4CWI SO,(XX)Etatrudc, is inco~, wmd dirmxly
Into the cavily structure, with the Cavily serving as its nulpul
network, A coupling capacilm is used m match the umpiificr
to tiw cavity lm~dancc at the coupling point,

The ferrite tuner is configured such that r[ wuvc
propngstimr in Iha ferrite.filled region is in Ihc radini rulhcr



,.
Wnthcazimurhal d.irmim This W-rnodc mcr pmits
the &sign of a simp+cbias -t with uniform bias fields
throughout W ferrite. This design doa give rk to
appreciabk tuning fmlds on the h axis; however, if W
caviri~ arc positional in kk-~w @s with c!pfmsitc
polarity tuning ficl@ fwld variMims of up to 15 % bctwan
he *S can b tokrated without upsetting the popcrtics of
dlc Ixa.rn.

The fenitc u consttuctcd from mroid disks appoxim.ately
2.5 cm thick. The disks wiU bc abcw 14 cm inside rdius by
30 cm outide radius and r.ncdisk sepamtimr will be between
0.3 and 0,5 cm. The scparadcms~vide channels fcw the
cooling fluid. These channels arc vcrtial, which allows the
cmling fluid to flow in k dircaion of nantnl ccmvdcm ,

B. Ferrite Las Characteristics

If one operates h fcrritcs in a mode such that the control
bias H field is pmllel to the rf H fieldl 1I , then the
permeability seen by the rf wave is the slope of the B-H
curve at the operating ~int. If, however, one ~rab the
fcrr!!es in a mode such that the con~ol bias H field is
~rpndicular to the rf H field , lhcrr W Pcrmcabdity seen by
[he rf wave is k ratio of B to H, where both am total values
of the comrcrl fields. The significance of this is that in the
perpendicular bias mode, substantial changes in rf
pcrmcablli[y may be effected with the mmerisl in tolal
Wuralion, 7 rf magnuic loss is rclaed to the area within
their hyswrcsis loops, mtd lhis area Is essendally zero when
lhe muterial is in saturation. Migncric @ substnrrtia.lly
greater than I@ have been rcalizd in the tat cavitis under
high-power ccmditicxw

Tbc nickcldqwcl j uriurn-inm.~ fmites that have b
m.s[cdaiso exhibit very low diclauk loss, llw el~t.ric Qs of
thesematerials se-cmto k bctwccn ICKKland 5(KKIin the 50-
MHz rcgicm, ,

C. Analysis Methoch

II is impsible or at least extrunely diffiiulL to constrw
a complete rrmlcl frun which all ~ of pcrfcum.am may
be prcdlctcd, The design engineering gd Is of coum to
crcatc approxirtm~ models gcmd enough lo provide valid
predictions over the rcdm fcwwhich the rrmdcl was crcatcd.
The LEB cavily is a fairiy complex system, and numerous
lypcs of rndcls have been Z In art utqn to p’cdicl its
o~ra[icmal tchavlor. W perfomrr~e of he atrplificr tub
is arudyzcdby m,sumhtgshsoid,d inpttl and output vohlgcn,
ig ,rrfin# lrarrsil time, and Fatrier-uulyzlng the current wmw
forms, l%c 2D cock “Su@sh” Is valid fa cxamlnlng k
cuvily swucture wi’.hor.tt Its amplifkr arm, but Ils most
important rmntrlhuticm is in chccklhg he lrensmlssloir Ilnc
mmicll 21. The Uanami”slon Iirw rrudel of the complete rf
strucmro ylclds cacellcnt prcdlct!uns of VJILlgeS, cumcnts,
impcdmrces, rcsmmnce, Q, and IWS associated with the
fundamcnial frc+wncy, but IU urnfulncss&m not extend to
hi~hcr frrqucrwbw llw 2D de “Rrlum” mw,wa!elyptdicts
lhc wa~ic conditions of the bhsln~ circuit, and It Is very
useful for [hc basic dcwgn of !hc mnlng magrwt; but h dm~
nol lrcaI k eddy curnm ~lcm asaalmd wilh the scmal
cycling bin~condlrlons. A gmd 3D cti for rhlsproblcm has

tnXyCtbCUt hxatcd. The 3Dcock “M./4.FlA”[31hasb USCd
cf’ktively for examining W higher order modes (HOMs)
and field asymmctri~ in the gap induced by the amplifier arm
of the cavity.

Tlw ftite ccmling is analyze-dusing a 3D fmit.c clement
mcxkl of a 45° ferrite SCgmCnLBoundary cofidilions of both
&mul faud fluid convccdonwaeanalyzcd. Tlw fezritcwill
fracture at a tensile stress of 39 MPa., and its curie

lcmpcraturc is 2000C, The analysis prcdicls Lhat [ensilc
smcssfai.lure would occur well Mforc dw curie tcmpcmmrc
was reached. This mcdmd of analysis will be used io
determine the rquircd velocity of forced convection afIcr

remaining tests arc mmpktcd and a caoling fluid selectionhas
&n ti.

D. Higher Or&r Mude Dampers

AU rf cavities have an infinilc numtw of HOMS, each of
which -t to thebeam acompiex impcdanccmu ihc mode
frqucmy, ‘fhe~ mocks interact widl the barn, rcsulling in
instabilities that prrxlucc cirhcr longitudinal w uansvcrsc c!c-
faussing and keam loss. Two HOM dampers hnvc been
W- fof the LEB cavi~y. Prolotypcs of each have twcn
built and rested at low power on the second Los AIo os
cavity,

One dam~41 consislsof an annular 250 MHz cavi[y
Irxatd clew to and in ties wilh dle acccleraticmgap. The
damper cavit) is Icadcd by four shunt resistors, rcsuhing in a
Q of slxrttt 1.3. Y%ccavity is designed such that it damps the

HOMS much more strongly than the fundamem.al. The ICS1
rcsulu fw this aampcr on the scccrnd Los Alamos cavity
indiate tit a similar design uilcwcd for k SSC LEB cavity
will nrhfactcrrily damp all longitudinal HOMS up to I GHz.
The ruxmmlcavity Iosscs(fcmitc and wall losses)81frequcnuux
ukvr. 1~1-lz arc suflicicrwly high that exlcmralmode damping
is not rquhed, This dnmpcr is simple ftnd is ctwily adaptedm
any cavity which has [he accckating gap bawd on onc end,
A potential drawback to this cbmpr is lhw lhc ristioof first
HOM to fundamental mock damping is nm inhcrcmly Iargc,
md e.masive fundamental damping may tc nx.pircd in cwdcr10
quenchthe rim HOM,

The crthcrdam~r consistsof an exlcmal mnsmissicm Iinc.
One end Is sttachcd 10a ca~idvc ring enclosing the cnvity
ccnur conductor w tic gap, and the other cm.1is connecm.d
10 the mvily ccnlcr condr,wtor near the shwtcd cnd O( ihc
cavity, The transmission Iinc is shunmd by a 50-ohm rcsislor
w the gap. The Icnglh of the transmission Iinc is ndjuswd
until llw voltage acrossIhc rcsismr is zero, Thix mtxlc dumper
works tm Ihc assump~iondmt when !his condition is mcl l’t~r
onc mcxk, nnmcly the nccclcrating mode, it is nw met for
HOMS and thclr power Is disslpmcd In Ihc rcsiwor. I’his
coupler cxpwicnccs very high circulating currcrus 01 ihc
fundamental frequcncia, and care must lx Mkcn m muinmin
tho struclurc as i high Q (low loss) circuit, An cffcc[ivc
darnpr d this type whh dcqunm coupling cnpuciumccshould
result In no more than If)% dnrnping at (hc tuned flcqucncy;
however sim the damper Isa very hi#h.Q circuit there would
bc large dsmplng over parts of Ihc 12,5 MIIY, LED mnln~
range. Armlhcr problcm wilh (his IyF of c{mplcr is duu II
can miss modes, Compulcr modeling prcdiclcd und
masurcmcnL~ verified his possihili[y in Ihc [CSIS~mIIW l.~~s



Alama6wityf a8makw3tK)M Hzhdhharycanp
mdling &ES mt podict misd nmda in die q~-wavo
LEB cavity.

E. Cooling Flui&

Scvaal CKtolingfluidsm Im&r CudkmKm“ fmusc

in the cavity tuner. llw tirst is ● Fltmincrt ‘M 1 liquicL FC-
77 TM. This liquid has a dielectric constant of 1.86, an

elcaric Q > l~t a voltage breakdown of 223 kV/cm, and a
boiling point of 9P C. [tisthe cooling fluid of ctwicc
pending Ssccm”mtmemaland detyappovd. Tltemuntd
fluid bcingcansidercdi swatcz Inapiteofit ahighdidmric
constant of78and Q_itis~to ~theamllng
courscs suchhaf high fkbdaarcrwcx psescmtinthcwatcz
This considemtion is necosaary to keep its own host
dissipation fran kosning ob~thably high. TIE third fluid
Urlckrah&raum - isair, Itscooling c4k*yismwhlowa
thanthc Iiqui@caucqwntIy vayhighairwlocti wouldbe
required. Tlw maximum cx~ vollage gradkm in the air
will k about 15 kV/cm, and the inccpdon of ccn’au IX cva
arcing will cxxur at 25 kV/cm. Air cpratkm would bc at 60%
of breakdown, while the liquids would both be _ bebw
10%ofbreak~. Iftifcdeb sscsprovet obconthcbw
cnddthckcxpcctcdmngc,fcme.dsircoolingcouMbcccmean
atlnulivcchoice.

III. Test Tuner

A new fernlc test tuner has been &igncd and is being
fabricated to replace the tuner m the aecmd Los Alamos
cavity. This lunu is designed to opratc with eik water or
Fhrorincrt ‘M as W ctniing fluid. The purpoE of the test
inner is to kam as much as possible ~bout the use of both
liquids in the prcscnccof high kvcl rf folds+ Both the ferrites
and the cooling courses in & USI tuner will be in$uumented
with fiber optic temperature *. Since caltimetric data
wcuracy witi direct liquid cooling wi!l be much greaterthm in
previous tuners, it will b pomibk to su~Iially improve
[he ferrite loss calculations, ht particular those calcuiatlona
which predict the elatrk Q, Tho CMSwill also be USA! In
verifying the finite clement tkrmal calculations. After the
tcsIs arc compktcd the mctalllc tuner parts will be
micrmcq)ically examined fm cm’rcwia fmm k wata.

IV. Conclusion

Since the progmsodLEB Cavity la busedon a dcslgn which
incorporams many proven conccpm, the probability of
achieving a systcm which opemtes rcllably St IJWfull design
vohagc ~ms to bc very high, Throughout rho&algn ~
[here has been a consclaM attempt 10 cover the srcas of
unccr~iruy with workable contingencies, After the most
rcccru ICM mncr has been fully evaluated, tho LEB cavity
design will be finalized, and a full working protatyp wIII be
fahricalcd and Icstcd, The fall kk fmsklon for MS design Is

that if it &an’t work reliably at full design vohage, it will
~ probably work reliably ●t some rcduccd voltage, and
xl&thal cavities would be required to provide 700 kV pcr
turn. There is enough room in the LEB design to
axmmdte * tlw plamwd rwmbcr of cavities.
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